Abstract-To support multimedia services in intelligent transportation systems (ITS), CDMA based radio-on-fiber road-vehicle communication systems were proposed. Soft handoff should be provided for multimedia services because these services are required to guarantee real-time property and quality of service (QoS). The performance evaluation of soft handoff is important in view of system management such as determination of optimal resource allocation, cell configuration, and admission strategy. But, the performance evaluation of soft handoff when multimedia services are serviced has not been previously researched, even though there have been some previous works for voice-call service. In this paper, we develop a new analytical model of soft handoff when multimedia services are served in CDMA based ITS. We evaluate the performance of soft handoff scheme by analytical and simulational method. Blocking probability, handoff failure probability and carried traffic are obtained.
I. INTRODUCTION
R ECENTLY, rapidly increasing demands for intelligent transportation systems (ITS) have been required to support various services. There have been researches and developments about several services such as electronic toll collection, vehicle location and navigation services [1] , [2] . Especially in the near future, there will appear new services which require following features such as real-time, high speed, multimedia, and so on. These high speed real-time multimedia services require broadband wireless communication under high mobility conditions.
There remain many problems such as signal distortion and information loss to support broadband wireless communication in ITS. To solve these problems, CDMA based radio-on-fiber (ROF) road-vehicle communication systems were proposed [1] . The use of the ROF technique makes the construction of cost-effective microcell systems which are requisite for high-capacity multimedia services. CDMA is one of the most promising technologies for mobile communication systems. The employment of CDMA enables this system to offer various unique features such as robustness against fast fading by the use of diversity reception, equalization, interleaving, RAKE receivers, and soft handoff. Soft handoff is a technique that makes mobiles reside in cell overlapping region communicate with both the currently serving base station and a target base station, simultaneously. Due to perfect frequency reuse feature of CDMA, mobiles can perform soft handoff when they move between cells. Soft handoff consumes more channel resources than hard handoff but can support continuous service, better communication quality due to interference reduction [3] - [5] .
In multimedia services which we consider in ITS, soft handoff should be provided because these services are required to guarantee real-time property and quality of service (QoS). But there remain some serious problems when we apply soft handoff to these services. A Mobile which is serving multimedia services consumes multiple channels simultaneously to support high speed transmission. For example, if the mobile uses four channels and is in the state of soft handoff, it consumes eight channels in view of the system. Also, the mobile causes large intercell and intracell interference to mobiles in both source and target cell.
The performance evaluation of soft handoff is important in view of system management in real field. By calculating system performance from the results of soft handoff analysis, we can predict optimum cell configuration and determine optimal allocation of physical channel resources. Also, the result of soft handoff analysis is used as key reference to evaluate resource management technique such as call admission control and channel assignment schemes. There have been some previous works on the performance analysis of soft handoff scheme for voice call [3] - [5] . Viterbi et al. [3] calculated the effect of soft handoff scheme on cell capacity. Su et al. [4] analyzed the performance of soft handoff scheme in terms of blocking of new and handoff calls, using Markov chain. They assumed a fixed cell capacity in their analysis. Narrainen et al. [5] analyzed and simulated the performance of soft handoff scheme with considering soft capacity of CDMA system. These previous works, however, took into account the situation that only voice call is serviced in the system. The performance analysis of soft handoff when multimedia services are provided has not been previously researched. Because multimedia services use multiple channel resources simultaneously, the analytic model considering only voice service can not be used. The goal of this paper is to develop a new analytical model of soft handoff when multimedia services are served in CDMA based ITS. We evaluate the performance of soft handoff scheme by analytical and simulational method. This paper uses the approach which was worked by Rappaport [6] .
This paper is organized as follows. In Section II, We describe the system model for analysis. In Section III, we analyze the soft handoff scheme and define performance measures. In Section IV, we describe the simulation environments, perform numerical results and compare the results. Finally, we summarize our results and conclude this paper in Section V.
II. SYSTEM MODELING
The system we consider in this paper is road-vehicle ITS. In the road-vehicle ITS, all microcell is located along the streets. So, all mobiles move in just two directions. We assume that there is no turning back. The system description is shown in Fig. 1 . The target service is real-time multimedia service. We assume that there are kinds of services. Each service needs resources ranging from 1 channel to channels according to its property. The more a mobile occupies channel resources, the higher data rate the mobile uses. We assume that only fixed data rate is allowed. So, a mobile keeps the number of occupying channels during its call duration. Also, in this paper, we consider the conventional soft handoff scheme which is used in the IS-95B and cdma2000 standards [7] , [8] . According to the conventional soft handoff scheme, if there remains channels in a cell when a new call which requires more than channels is originated, the new call is blocked.
We divide a cell into two regions such as normal and handoff region as shown in Fig. 1 . Normal region is surrounded by handoff region. Let the ratio of handoff region in a cell be . Then, is given by area of handoff region area of a cell (1) We assume that the handoff region is made by only two cells. Any cell shape can be adopted in this analysis and the ratio of handoff region and normal region is dependent on cell shape. Let handoff call arrival rate be . The new call arrival rate is assumed to be Poisson distribution with rates . Let the new call arrival rates in normal region and handoff region be and , respectively. Under the assumption that new call arrivals are uniformly distributed, and are found to be
We assume that there are reserved channels for handoff calls. We assume every handoff requirement can be perfectly detected in our model and the channel assignment is made instantaneously if the channel is available. The total allowable channel of a cell is assumed to be .
The soft handoff process for multimedia services which we consider in this paper is defined as follows. When a new call is originated in normal region, it requests channels to base station based on its service type. If there remain enough resources, requested channel resources are allocated to the call. Otherwise, the call is blocked.
When an on-going call in the normal region moves into the handoff region, the call requests channel resources to the target cell base station according to its service type. If the target cell has enough remaining resources, the request is accepted and the call is in "handoff success state." Otherwise, the call is assumed to be in "handoff failure state."
When a call in "handoff success state" moves out the handoff region and enters into the normal region of target cell, the call breaks communication with its source cell base station and communicates only with target cell base station. When a call in "handoff failure state" moves out the handoff region and enters into the normal region of target cell, the call is dropped.
When a new call is generated in handoff region, it requests channels to each cell which includes handoff region according to its service type. If there are sufficient available channels in both cells, the call is in "handoff success state" and communicates with both cells. If there are not sufficient channels in both cells, the call is blocked. If there is only one cell which have sufficient available channels, the call communicates with the cell. In case that the call goes to the outside of the handoff region, it is decided whether the call is dropped. If the call moves to normal region of current cell, the call is serviced continuously. On the other hand, if the call moves to the outside of current cell, it is dropped. The dropping of this call is regarded as refusal of handoff call.
Let the call duration time be . We assume that is exponentially distributed with mean . Let the mean dwell time in the whole cell, the mean dwell time in normal region and the mean dwell time in handoff region be , , and , respectively.
, and are also assumed to be exponentially distributed with mean , and , respectively. There are relations between the mean dwell time in a cell and the mean dwell time in each region. Because the target system of this paper is ITS, the related functions are described as follows:
III. SOFT HANDOFF ANALYSIS

A. System Analysis
The state of a cell is defined as where is the number of calls in normal region occupying channels when the cell is in state , is the number of calls in handoff region which are moved from neighbor cell with occupying channels when current cell is in state , and is the number of calls in handoff region which are moved from normal region of current cell with occupying channels when the cell is in state . The state has a value ranging from 0 to . , and can have a value ranging from 0 to . Let be the number of calls located in normal region when the cell is in state , and be the number of calls located in handoff region when the cell is in state . Then, and are calculated as (6) Also, let be the number of channels occupied by calls in normal region when the cell is in state , and be the number of channels occupied by calls in handoff region when the cell is in state . Then, and are calculated as (7) should not be bigger than total allowable channel .
There are seven types of state transition. The first type is a state transition due to a new call arrival in normal region. Let be the flow component from state to state due to a new call arrival in normal region. Also, let be the probability that the new call belongs to a service type which needs channels. has predefined arbitrary value. As we assume that there are kinds of services, has the value ranging from 1 to . According to conventional soft handoff strategy, if there remain channels in a cell and a new call requires channels, the new call is blocked. (9), shown at the bottom of the page. New calls in handoff region are counted in and according to their moving direction. As we assumed that there can be only two direction in this system, the probabilities that a new call in handoff region is counted in and are 0.5, respectively. The term 1/2 in (9) is included due to this assumption.
The The fifth type is a state transition due to handoff call arrival. Let be the flow component from state to state due to handoff call arrival. Also, let be the probability that a handoff call which occupies channels arrives. It means the ratio of the number of call which occupies channels among calls arriving in handoff region. has the value ranging from 1 to . Then, is derived as for (12) where is the blocking probability, is the steady-state probability of the state , and is the probability that a call in normal region moves to handoff region. In this equation, the numerator indicates the number of incoming calls occupying channels to handoff region and the denominator indicates the number of total incoming calls to handoff region. The first part of numerator expresses the number of calls occupying channels which moves from normal region to handoff region and the second part of numerator expresses the number of new calls occupying channels originated in handoff region but blocked by neighboring cell with. The first part of denominator indicates the total number of calls which are moved from normal region to handoff region and the second part of denominator indicates the number of new calls originated in handoff region but blocked by neighboring cell.
Also, the handoff call arrival rate, can be derived as follows: (13 moves from handoff region to normal region, the call requests channel resources according to its service type.
An example of state-transition diagram when is shown in Figs. 2 and 3 . There are five sets of state-transition rate which are symbolized by character from to . indicates the state transition when a new call which requires channel resources arrives in normal region or an on-going call occupying channel resources in normal region is completed. indicates the state transition when a handoff-in call occupying channel resources is moved from handoff region to normal region. indicates the state transition when an on-going call occupying channel resources is moved from normal region to handoff region.
indicates the state transition when a new call which requires channel resources arrives in handoff region or a handoff call occupying channel resources arrives or an handoff-in call occupying channel resources is completed.
indicates the state transition when a new call which requires channel resources arrives in handoff region or an handoff-in call occupying channel resources is completed or a call occupying channel resources in handoff region is moved out from current cell. These sets are shown in Fig. 3 . There are some conditions that make each set operate. These conditions are derived from the state transition types which organize the set.
B. Performance Measures
We define the steady-state probability of the state be . Using the condition that the sum of the steady-state probability is equal to 1, we can solve flow equilibrium equations and find steady-state probabilities. We also use computer programmed iterative approach to obtain the stationary state probabilities. We evaluate the performance of soft handoff scheme in view of blocking probability, handoff failure probability and carried traffic.
A new call is blocked when there is no sufficient channel. If there remain available channels in a cell in case that a new call requests or more channels, the new call will be blocked. So, the subset of states in which a blocking event can occur, is described as (16) Because a blocking event occurs when the cell is in a state which belongs to , the blocking probability is calculated as (17) There are two cases that handoff event fails. The first case is generated when a handoff call is dropped due to the shortage of remaining resources in target cell. The second case happens when a new call originated in handoff region gets a channel from only one cell and this call is dropped when it arrives at the boundary of its current cell. The subset of states in which the first case of handoff failure event can occur, is identified as (18) Then, the handoff failure probability due to the first case is described as
The second case happens when a new call originated in handoff region communicates with only current cell but it is moved to other cell. Because there is no available channel in the target cell, this call is dropped. So, the total handoff failure probability is obtained by (20) In this equation, the front part indicates the first case and the latter part indicates the second case.
The carried traffic which shows the efficiency of resource usage can be calculated as (21) 
IV. NUMERICAL RESULTS
We analyze and simulate the performance of soft handoff scheme. In our simulation, we consider circular cells whose base stations are located along the streets. This cell structure reflects road-vehicle ITS. Our simulation consists of 37 cells and radius of a cell is km. The distance between cells is adjusted from the ratio of handoff region in a cell, and cell radius, .
Mobiles are uniformly distributed in each cell. The call arrival rate and call duration time of simulation is the same as those of analysis. Each mobile moves in just two directions. No turning back and no changing direction are allowed. We assume that speed of a mobile is V m/s. The speed of a mobile is not changed. We adjust the value of and for fitting to and of the analytic model. We perform this simulation 10 iterations and average the results. The simulation time of each iteration is 50 000 s.
We investigate several numerical examples in case that , , and . We consider three situations. In the first situation, we investigate numerical results with varying call duration time. The second situation is that cell dwell time is changed. In this situation, and are varied due to the change of which is determined by cell radius and speed of mobile . In the final situation, we change the probability that a new call belongs to a service type which requires channels, . As we assumed that , there are three kinds of services and . For these three situations, we evaluate the performance of soft handoff scheme in view of blocking probability, handoff failure probability and carried traffic. The results are shown in Fig. 4-7 .
In the first situation, we analyze and simulate the performance with changing from 100 s to 200 s. From numerical results, we can see that the longer the call duration time, the higher the blocking and handoff failure probability as shown in Fig. 4 . The longer call duration time means the more traffic load is appended to the system. In common, real time multimedia services have relatively long service time. So, more efficient handoff scheme for supporting multimedia services is needed. We leave this issue for further works. The second situation shows the relation between mean cell dwell time and each performance measure. From Fig. 5 , we can see that there are little differences when and . In the final situation, we change the ratio of each service:
. The result is shown in Fig. 6 . As ratio of service which requires many channels increases, all performance measures such as blocking and handoff failure probability increase. Fig. 7 shows carried traffic which is the average number of occupied channels. We calculate carried traffic for above three situations. We can see that almost all parameters except call duration time can not affect carried traffic. The reason is that the longer call duration time causes larger traffic load for all type of service.
From these results, we can conclude that the system performances are highly related to the call duration time and the proportions among service types. But they are not affected by cell size, mobile speed, and cell dwell time. 
V. CONCLUSION
In this paper, we analyzed and simulated the performance of soft handoff scheme in ITS which supports multimedia services. An analytic model which characterizes the handoff problem in environments where mobiles support real-time multimedia services in ITS was developed. An iterative method was used to obtain the steady state probabilities and handoff parameters. Performances were evaluated in view of blocking probability, handoff failure probability and carried traffic. From the analysis and simulation results, we can see the impact due to handoff of multimedia services. The system performances are highly related to the call duration time and the proportions among service types. But the performances are not affected by cell size, mobile speed, and cell dwell time, relatively. Using these results, more efficient resource management and handoff algorithm can be developed for ITS which supports wireless multimedia services.
